Aim of this study is to discuss the results of cases where leeches were applied to prevent the development of venous congestion following replantation and flap surgery. Methods Leeches were applied to a total of 31 patients with appropriate and sufficient follow-up in the Orthopaedics and Traumatology Clinics of Antalya State Hospital and Antalya Training and Research Hospital between 1997 and 2015. The patients comprised 20 cases of replantation and 11 cases of crush syndrome. The rates of necrosis were examined in these patients following the application of leeches. Results Following the application of leeches, necrosis was determined in 5 of the 20 adult replantation or revascularisation cases with venous congestion and in 6 of the 11 cases of crush injury. No serious allergic reaction was observed in any case following leech application. Conclusion In patients with replantation or crush injuries who cannot be treated by conventional methods, the application of leeches is an effective method in the treatment of venous congestion.
Introduction
Venous congestion is a not uncommon event seen following crush injuries or microvascular surgery such as flap or replantation [1] . In a flap or replantation developing venous congestion, the tissue is tight, the colour is bluepurple, capillary filling is more rapid than normal and the skin bleeds more quickly. Venous congestion must be diagnosed early and venous drainage must be provided without any loss of time. The application of leeches is a treatment option for venous congestion which occurs after replantation and free tissue transfers [2] .
For venous drainage; 1-New vein anastomosis, 2-Excision of the nail bed of the replanted finger and the application of heparin sponge, 3-Massage of the replanted finger and administration of systemic heparin, 4-Incision to the finger tip, 5-Leech application can be made.
The aim of this study was to determine the timing and efficacy of leech application for venous congestion which has developed.
Material and Method
Leeches were applied to a total of 31 selected patients with sufficient follow-up in the Orthopaedics and Traumatology Clinic of Antalya Training and Research Hospital and Antalya State Hospital in the period 1997-2015. Of the total patients, 20 were applied with replantation and revascularisation and 11 presented following crush injuries. The patients were 27 males and 4 females with a mean age of 32 years (range, 17-50 years). (Table 1 The stages of application: 1-The finger end is cleaned with distilled water. 2-The area around the application is covered with gauze. 3-The pulp is pierced with a sterile needle for bleeding to occur. 4-The leech is held in a gloved hand and attached to the bleeding area.
Depending on the status of the venous congestion area, leeches were applied 3-5 times per day for a perod of 4-7 days. During the application, within 10-20 minutes of attachment, the leeches spontaneously fell off. Depending on the frequency of the application, haemogram follow-up 2 was applied 2-3 times per day. All the patients were administered with prophylactic antibiotics of 3rd generation cephalosporin and fluoroquinolone group for 7-10 days and no additional antibiotics were given. The leeches used had been locally obtained and bottled from the wetlands and river banks in Antalya.
Results
The 20 patients applied with replantation and revascularisation in our clinic and in whom venous congestion then developed, presented directly at our clinic without having consulted any other healthcare institution.
The time from injury to admittance for surgery of these 20 patients was mean 3.5 hours (range, 1-6 hours). Of the 11 patients with crush injuries, 6 were treated as outpatients for follow-up with a hand brace by external centres. These patients presented at our clinic at 1-3 days post-trauma. On presentation at our clinic, the finger ends of these patients were immediately pierced and in 4 patients, there was minimal serohaemorrhagic or serous fluid rather than blood and in 2 patients there was no bleeding or fluid discharge. The other 5 patients had presented at the Emergency Department and were immediately admitted to hospital for treatment. 
Discussion
Venous congestion is a problem encountered as a result of microsurgery applied to patients and following crush injuries. The application of leeches (hirudotherapy) is an alternative treatment method to resolve this problem. The success of this application depends not only on the collaboration of the doctor, nurse and patient but also that it is not delayed and is applied for an appropriate period. Leeches produced by companies in the UK and USA cost £8 (GBP -sterling) each. The leeches used in the current study were gathered from the wetlands and rivers of the local Antalya region and were obtained at a cost of 80 kuruş each (approximately 0.25 USD). Leech therapy is generally used when the venous blood flow is insufficient and cannot meet the arterial flow. It can be used to achieve physiological venous drainage until angiogenesis occurs in free tissue transfers and finger replantations [4] . Applications in literature have been reported as mean 2-6 days [4] and in the current study, the leeches were applied for 4-7 days. Contraindicatons for hirudotherapy are arterial insufficiency, haemorrhage, haemorrhagic malignancies, anaemia, hypotension and sepsis [4] . There were no contraindications in any of the current study patients. The treatment is not recommended for pregnant or breast-feeding patients or those with an unstable medical condition. Leech therapy is generally applied when conventional treatment modalities, such as elevation, warming, aspirin, local heparin and vasodilators, have been applied and found to be insufficient. In the current study, these agents and treatment protocols were applied to all the patients and as an insufficient response was obtained, the leech treatment was applied. Microcirculatory thrombosis causes venous obstruction. Therefore, until neovascularisation occurs, temporary venous drainage can be provided with the leech treatment [5] . Antibiotic prophylaxis in leech treatment is for aeromonas bacteria which are symbiotic in the leech, and it must be administered before starting the leech treatment [6] [7] .
Aeromoas are sensitive to 2nd and 3rd generation cephalosporin, fluoroquinolone, tetracycline, TMPsulfamethoxazole and aminoglycoside [8] [9] [10] . Chepeha et al administered antibiotic prophylaxis twice during leech application and continued it for 2 weeks after the treatment. In the Iowa head and neck protocol, levaquin is recommended and that it is continued for 24 hours after the completion of leech treatment. In the current study, 3rd generation cephalosporin and fluorquinolone were used and no infection developed in any patient. In literature, similar results have been obtained with the use of hirudo verbana and hirudo michaelseni in addition to hirudo medicinalis in some cases [11] . Although the measurement of blood values has been recommended as once every 4 hours in literature, it can vary according to the frequency of the leech application [12] . In the current study, blood values were examined 2-3 times per day. In 3 patients when haemoglobin fell to <8 gr/dl, transfusion was applied. Mumcuoğlu et al reported that of 9 cases of replantation and 6 of revascularisation, 10 (67%) fingers were saved with leech treatment.
Of the total 31 adult patients who were applied with leeches, necrosis developed in 6 of the 11 crush injury patients and in 5 of the 20 replantation and revascularisation patients and those fingers were lost. In 6 patients, when the pulp was pierced, there was minimal serohaemorrhagic or serous fluid in 4 patients and no fluid in 2 patients. In these patients, the leech immediately left the pierced area. The success rate of the current study was 75% in the replantation and revascularisation cases and 45.45% in the crush injury cases. Although reactions such as mild localised itching, pain, subfebrile fever, and localised lymphodenitis have been reported in literature, no reactions developed in any patient of the current study.
Conclusion
The application of leeches plays an effective role in the eradication of venous congestion but the decision to apply this treatment must not be delayed and there must be a state of bleeding in the pierced finger pulp. During the application of leech therapy, the patient must be closely monitored by the doctor and nurse for allergic reactions, signs of infection and the congestion status. In addition to monitoring of the vital signs of the patient, blood values should be monitored at least 2-3 times per day in parallel with the frequency of the leech applications and when necessary, transfusions must be made. Prophylactic antibiotics must certainly be administered to the patient.
